To determine whether emergency colectomy reduces mortality in patients with fulminant Clostridium difficile-associated disease (CDAD), and to identify subgroups of patients more likely to benefit from the procedure. Summary Background Data: Many hospitals in Quebec, Canada, have noted since 2003 a dramatic increase in CDAD incidence and in the proportion of cases severe enough to require intensive care unit (ICU) admission. The decision to perform an emergency colectomy remains largely empirical. Methods: Retrospective observational cohort study of 165 cases of CDAD that required ICU admission or prolongation of ICU stay between January 2003 and June 2005 in 2 tertiary care hospitals of Quebec. Multivariate analysis was performed through logistic regression; adjusted odds ratios (AOR) and their 95% confidence intervals (CI) were calculated. The primary outcome was mortality within 30 days of ICU admission. Results: Eighty-seven (53%) cases resulted in death within 30 days of ICU admission, almost half (38 of 87, 44%) within 48 hours of ICU admission. The independent predictors of 30-day mortality were: leukocytosis Ն50 ϫ 10 9 /L (AOR, 18.6; 95% CI, 3.7-94.7), lactate Ն5 mmol/L (AOR, 12.4; 95% CI, 2.4 -63.7), age Ն75 years (AOR, 6.5; 95% CI, 1.7-24.3), immunosuppression (AOR, 7.9; 95% CI, 2.3-27.2) and shock requiring vasopressors (AOR, 3.4; 95% CI, 1.3-8.7). After adjustment for these confounders, patients who had an emergency colectomy were less likely to die (AOR, 0.22; 95% CI, 0.07-0.67, P ϭ 0.008) than those treated medically. Colectomy seemed more beneficial in patients aged 65 years or more, in those immunocompetent, those with a leukocytosis Ն20 ϫ 10 9 /L or lactate between 2.2 and 4.9 mmol/L. Conclusion: Emergency colectomy reduces mortality in some patients with fulminant CDAD. (Ann Surg 2007;245: 267-272) 
METHODS
Hôpital Maisonneuve-Rosemont (HMR) is a 597-bed hospital located in Montreal, while Centre Hospitalier Universitaire de Sherbrooke (CHUS) is a 683-bed hospital providing care to inhabitants of southeast Quebec. Adult cases of CDAD were identified through laboratory reports and summaries of discharge diagnoses. The same C. difficile toxin B cytotoxin assay was used in both hospitals, on Vero or MRC-5 cells, with readings at 24 and 48 hours and neutralization with C. difficile antitoxin (HMR: TechLab, Blacksburg, VA; CHUS: Bartels, Issaquah, WA). Cases of CDAD were defined as patients meeting at least one of the following criteria: 1) a positive C. difficile cytotoxin assay; 2) endoscopic evidence of pseudomembranous colitis; and 3) histopathologic evidence of pseudomembranous colitis on either an endoscopic biopsy, a specimen obtained during colectomy or autopsy. Lists of cases were compared with records of ICU admission at HMR, while at CHUS a computerized medical records system allows tracking of each room in which a hospitalized patient spent time. Records of patients with both a diagnosis of CDAD and an ICU stay were reviewed to exclude those for whom the ICU stay was clearly unrelated to CDAD. We included cases for which the primary reason for ICU admission had been CDAD as well as patients admitted to ICU for other reasons who then developed CDAD severe enough that it was felt an ICU admission would have been required for the management of their CDAD had they not been there already. CDAD was considered healthcare-associated if the patient was hospitalized when the initial diagnosis of CDAD was made, or had been hospitalized in the preceding 2 months, or was on hemodialysis.
Medical records were reviewed to collect socio-demographic information, past medical histories (from discharge diagnoses of current and all previous hospital admissions, to calculate the Charlson comorbidity index, a measure of overall burden of diseases based on the presence or absence of 19 mostly chronic comorbidities) 14 and to extract clinical, diagnostic, and therapeutic data. The outcome was all-cause mortality occurring within 30 days of ICU admission. Data were analyzed with Stata 8.0. Proportions were compared with the 2 test or, when numbers were small, with Fisher exact test. Unconditional logistic regression was used for multivariate analysis. Models were built up sequentially, starting with the variable most strongly associated with the outcome and continuing until no other variable reached significance. When the final model was reached, each variable was dropped in turn to assess its effect. Different models were compared using the likelihood ratio test, keeping in the final one variables significant at the P ϭ 0.05 level.
RESULTS
A total of 165 cases of CDAD were included in the study, corresponding to 161 patients (4 patients contributed 2 distinct episodes). For 154 cases (93%), CDAD had been health care associated. In 40 (24%) patients, the episode that required ICU admission corresponded to a relapse of CDAD occurring within 3 months of a prior episode (21 a first relapse, 12 a second relapse, 6 a third relapse, and 1 a fifth relapse), while 125 were admitted to ICU at the time of the initial diagnosis of CDAD. Fifty-five (33%) patients were admitted to ICU on the same day they were admitted to hospital, 34 (21%) between 1 and 3 days and 76 (46%) more than 3 days after hospital admission.
Eighty-six (52%) patients were male. Age ranged between 39 and 93 years (median, 75 years; interquartile range ͓IQR͔, 65-79 years). Their median Charlson score was 3 (IQR, 2-5), and 49 patients (30%) patients had some form of immunosuppression (systemic corticosteroids for as least 1 month, leukemia, lymphoma, organ transplant, neutropenia, or any combination thereof). For 144 (87%) patients, it was possible to retrieve data on the inciting antibiotics given in the preceding 2 months. Many patients had received more than one antimicrobial; the most commonly used were fluoroquinolones in 86 (60%), third-generation cephalosporins in 39 (27%), macrolides in 32 (22%), ␤-lactam/␤-lactamase inhibitors in 30 (21%), and first-generation cephalosporins in 28 (19%) . Only 8 (6%) had received clindamycin.
In 152 (92%) cases, the diagnosis had been confirmed by a positive C. difficile toxin assay. Among the 13 toxinnegative patients, the diagnosis had been confirmed by endoscopy in 8, surgery in 3, and autopsy in 2. Plain x-rays of the abdomen, obtained in 149 patients, were normal in 54 (36%) patients; 50 (34%) had signs of colitis without megacolon, 15 (10%) had megacolon, 1 had free air, 2 had intestinal pneumatosis while 27 (18%) had only nonspecific changes. An abdominal ultrasound was obtained in 35 patients and interpreted as normal in 16 (46%). Eighty-five patients had an abdominal CT scan: signs of colitis were present in 66 (78%). An endoscopy was performed on 38 patients, pseudomembranes were visualized in 33 (87%).
Lactate levels were measured in 143 patients, with peaks varying between 0.7 and 23.0 mmol/L (median, 3.1 mmol/L; IQR, 2.1-5.6 mmol/L). The median peak leukocyte count was 30.9 ϫ 10 9 /L (IQR, 20.8 -44.1). Among patients with no preexisting renal failure, median peak creatinine was 181 mol/L (IQR, 122-245), while in those with pre-existing renal failure it was 292 mol/L (IQR, 196 -364). Median albumin level on admission to ICU was 21.0 g/L (IQR, 16 -25 g/L). Blood cultures, obtained in 138 patients, revealed a Gram-negative bacteremia in only 6 cases.
Four patients died before any antimicrobial therapy could be administered, 13 were treated with only metronidazole, 13 with only oral vancomycin, and 135 received combinations of metronidazole and vancomycin, either concomitantly or sequentially. Thirty-eight (23.0%) patients underwent a colectomy, 35 of which were total/subtotal. The main indications for colectomy were shock persisting despite vasopressors (15 patients), megacolon (11 patients), lack of response to medical treatment (10 patients), and perforation (2 patients). Compared with patients treated medically, those who had a colectomy had fewer chronic comorbidities (ie, a lower Charlson score) but higher leukocytosis and were more likely to be in septic shock (Table 1) .
Eighty-seven (52.7%) cases resulted in death within 30 days of ICU admission; of these deaths, 38 (43.7%) occurred within 48 hours of ICU admission. Table 2 summarizes risk factors for mortality within 30 days of admission to ICU in univariate and multivariate analyses. Fifty-eight percent of patients who were medically treated died, compared with 34% of those who underwent an emergency colectomy (P ϭ 0.02). Factors not associated with mortality included sex, Charlson score, albumin level, duration of shock prior to ICU admission, and whether the current CDAD episode corresponded to an initial episode or a relapse. In multivariate analysis, mortality was significantly higher in patients aged 75 years or more, in the immunosuppressed, those requiring vasopressor amines, those with a lactate level Ն5 mmol/L, or a white cell count Ն50 ϫ 10 9 /L. Adjusting for these confounding factors, colectomy reduced by 78% the odds of death (adjusted odds ratio, 0.22; 95% confidence interval, 0.07-0.67, P ϭ 0.008). No significant interaction was found.
To delineate if some patients might be more likely to benefit from a colectomy, we carried out subgroup analyses (Table 3 ). Colectomy did not confer a survival benefit in patients younger than 65 years of age, in patients with a peak white cell count Ͻ20 ϫ 10 9 /L and those with normal lactate levels. Without a colectomy, 94% to 95% of patients with a white cell count Ն50 ϫ 10 9 /L or with lactate Ն5 mmol/L died within 30 days of admission to ICU.
DISCUSSION
Even before the recognition of C. difficile as the cause of pseudomembranous colitis in 1978, 15 surgeons had been performing colectomy in patients with severe disease. 16 Several authors have suggested that the frequency of colectomy among patients with CDAD may have increased during the last decade. During an epidemic in an Irish hospital in 1995, 3.6% (5 of 138) of patients with CDAD were colectomized. 17 In Pittsburgh, 1.1% (27 of 2540) of patients diagnosed with nosocomial CDAD in 1989 to 1999 needed a colectomy, 18 while this increased to an impressive 10.3% (26 of 253) of patients in 2000 to 2001 (some of whom had been referred from other facilities specifically because they had severe CDAD). 1 For the whole of Quebec, of 3218 patients with nosocomial CDAD diagnosed between August 2004 and March 2005, 32 (1.0%) had a colectomy, but there are no historical data to which this can be compared. 5 The postoperative mortality of CDAD patients undergoing an emergency colectomy is very high. A first review of the topic in 1990 enumerated 29 case reports of patients who had surgical management of CDAD: 8 of 23 (35%) of those colectomized for a toxic megacolon died, as did 3 of 6 (50%) patients operated for a perforation. 16 Additional case series were published, comprising a total of 54 patients who had a colectomy, 24 (44%) of whom died. 17,19 -27 Indications for surgical treatment were generally considered to be a toxic megacolon, perforation and/or peritonitis, fulminant disease (shock, multiple organ failure), and failure of medical therapy. 17, 19 During the 1990s, of 62 CDAD patients colectomized in a Pittsburgh hospital, 57% died. 18 In a recent review of CDAD cases from 159 Veterans Administration hospitals, 32 of 67 (48%) patients who had a colectomy died. 28 These earlier studies described patients with severe CDAD who had surgery because of a complicated or fulminant course but lacked a comparison group that would allow the life-saving potential of the procedure to be measured. Ours is thus the first study in which all patients with complicated or fulminant CDAD justifying admission to ICU were included, allowing a comparison of the outcomes of those who had a surgical management to those treated conservatively. Our data suggest that an emergency colectomy may reduce mortality in these highly selected and very sick patients. The major limitation of our study lies in its observational nature. Factors that influenced surgeons' decisions to carry out a colectomy might also be related to the 30-day mortality. To some extent, we avoided such confounding factors by restricting our analysis to patients admitted to an ICU. Clearly, the attending physicians had appreciated that their patient did not have a rapidly fatal comorbidity or very old age such that aggressive management would be inappropriate. We also adjusted, through logistic regression, for the confounding factors that were identified. For instance, patients colectomized were more likely to have a high leukocytosis or to be in septic shock than those treated medically, and as a result the adjusted odds ratio for the effect of colectomy on mortality was lower than the crude odds ratio. Patients colectomized had fewer chronic comorbidities than those who did not undergo surgery, but since the Charlson score was itself not associated with the 30-day mortality, this did not confound the association. Nevertheless, there might have been additional, unmeasured confounders whose effect on the measure of the association between colectomy and a lower mortality could go either way. This study was conducted during an epidemic caused by the NAP1/027 toxinotype III strain of C. difficile that is a hyperproducer of both toxins A and B. 8 In our institutions, between two thirds and four fifths of C. difficile isolates collected in 2003 to 2005 were toxinotype III NAP1/027 strains, 8, 13 and 6% to 10% of patients with nosocomial CDAD ended up in ICU. 7, 13 Whether our findings can be extrapolated to centers not yet dealing with this specific strain is unknown.
Among patients with CDAD requiring ICU admission, are some more likely to benefit from an emergency colectomy? The subgroup analyses presented in Table 3 should be interpreted with caution given the small number of patients in some strata, but we could not demonstrate a survival benefit among younger patients, those with normal lactate or a leukocytosis Ͻ20 ϫ 10 9 /L. The results also suggest that colectomy should be considered before patients increase their lactate levels Ն5 mmol/L, in which cases the prognosis is dismal with or without surgery.
The recruitment of 165 CDAD cases requiring ICU admission, 38 of whom had an emergency colectomy, in 2 hospitals over a 30-month period underscores the dramatic changes in the incidence and severity of CDAD in Quebec. Presumably because of the severe diarrhea it induces, this strain seems to be more transmissible than others and is spreading rapidly in the United States and parts of Europe. 1-2,9 -12 Our results suggest that surgeons should consider an emergency colectomy in patients with fulminant disease for whom aggressive care is not contraindicated by other comorbidities. 
